The possibility for all babies to be born and remain HIV-negative for the first year of life is achievable in South Africa. HIV-positive mothers' adherence to their antiretroviral medication is one of the crucial factors to achieve this target. Cross-sectional data were collected at 12 community health centres, over 12 months (2014)(2015), from 673 HIV-positive women, less than 6 months pregnant, attending antenatal care, and on Option B treatment. Adherence measures included the Adults AIDS Clinical Trials Group (AACTG) four-day measure, as well as the Visual Analog Scale (VAS) seven-day measure. Bivariate analyses and multivariate logistic regressions are presented. 78.8% of respondents were adherent on AACTG, while 68.8% reported VAS adherence. Bivariate analyses for increased adherence show significant associations with older age, less/no alcohol usage, disclosure of HIV status, higher HIV knowledge, no desire to avoid ARV side effects, low stigma, and low depression. AACTG showed a negative association with intimate partner violence. Multivariable logistic regression on AACTG and VAS adherence rates resulted in unique contributions to increased adherence of older age, less/no alcohol usage, higher HIV knowledge, lack of depression, and non-disclosure. Programs targeting closer side effect monitoring, HIV disclosure, pre-natal depression, alcohol intake, and HIV knowledge need consideration.
Introduction
Globally an estimated 36.7 million people were living with HIV in the year 2016; 1.8 million became newly infected and 1 million lost their lives to AIDS-related diseases [1] . Sub-Saharan Africa remains the global epicentre of this epidemic where nearly 71% of the global HIV infections occurred in 2014 with an estimated 24.7 million people [2] . The latest South African population-based HIV prevalence and incidence study estimated HIV prevalence at 12.2% or 6.4 million people, and HIV incidence at 1.1% or 469,000 people [3] . Because of the high incidence and prevalence of HIV in South Africa, antiretroviral (ARV) adherence of HIV-infected pregnant women on fixed dose combinations (FDC) represents an important prevention strategy.
Materials and Methods

Sample and Procedure
Cross-sectional data of 673 HIV-positive pregnant women were collected over a 12-month period from April 2014 to March 2015. This baseline data is part of the Protect Your Family randomised controlled trial [22] conducted in 12 community health centres (CHCs) in Gert Sibande and Nkangala districts in Mpumalanga province, South Africa. The participants were all less than six months pregnant at the time of the baseline interview, and were attending antenatal care (ANC) at the study CHCs. During the baseline period, all HIV-positive pregnant women in Mpumalanga province attending public ANC were offered Option B treatment. As per the South African PMTCT protocol [23] and the South African antiretroviral treatment guidelines [24] , pregnant women recruited during our study period, were provided tenofovir (TDF) + emtricitabine (FTC) or lamivudine (3TC) + efavirenz (EFV) as fixed dose combinations.
Potential participants were referred to trained study fieldworkers by ANC nurses at the study CHCs utilising the indicators of less than six months pregnant and HIV-positive. Fieldworkers screened the potential participant adding the following indicators: (1) being 18 years and older, (2) having a current partner (not necessarily the father of the baby), and (3) having not been recruited in this study at another CHC. If the participant met all screening indicators, they were invited to participate and, if interested, the participants were then introduced to the study information sheet and consent form in English, isiZulu, or seSotho. Once the consent process was completed, participants completed the baseline assessment utilising the Audio Computer-Assisted Self-Interview (ACASI) technology [25] , which was used to increase confidentiality and self-disclosure and ensure the inclusion of women across all literacy levels.
The ACASI software was loaded onto touch screen Lenovo ThinkPad X230 tablet/laptop (with 180 • swivel screen). Logitech h150 stereo over-ear headphones were utilised to maintain privacy. All participants were given brief training on the usage of the laptop touchscreen, headphones, and ACASI software. The fieldworkers assisted the participants to complete the initial demographic variables to ensure they were comfortable with ACASI, and all other questions were then completed individually by the participant with the fieldworker in the room to assist should a question or problem arise and to collect the completed questionnaire once the participant had completed it. Participants were compensated with R50.00 (South African Rand = US$4.72) for time and transportation.
Measures
The ACASI questionnaire requested information on sociodemographic characteristics, HIV related issues, intimate partner violence, stigma, and depression. How these factors might impact adherence to ARVs was the main outcome measure.
Socio-Demographic Characteristics
Questions regarding socio-demographic characteristics included age at last birthday; language-Nguni (isiZulu, isiXhosa, isiSwati, and isiNdebele) and others (Afrikaans, English, Sesotho, Sepedi, Setswana, Tshivenda, Xitsonga, other European, and other); educational attainment (completed Grade 11 or less and completed Grade 12 or more); partner status (are couples living together or not); employment status (not employed versus employed, volunteer or student); income per month in South African Rand (ZAR) where the South African Government child grant was R310.00 (UD$29.27) during the study period; number of children; if this pregnancy was planned or unplanned; and alcohol use of more than 2 drinks on at least one occasion in the previous four weeks (yes vs. no).
HIV-Related Characteristics
Questions regarding HIV-related characteristics asked participants for the following: whether HIV was diagnosed during their current pregnancy (yes vs. no); the period of time spent on ARV medication (<12 months vs. ≥12 months); whether the their HIV status was disclosed to anyone (yes vs. no); whether any of their children were HIV-positive (yes vs. no); whether their partner was HIV-positive (yes vs. no); and, in terms of male involvement, whether their male partner knew what happened in the antenatal clinic (yes vs. no). If the respondent had no children, they were not asked if any of their children were HIV-positive, and the question of partners' status was not asked if the respondent stated "no" or "don't know" to the question, "Has your partner or spouse been tested for HIV?" HIV knowledge was also attained, and questions included HIV transmission, condom use, PMTCT, and AIDS, and was assessed using 18 items adapted from an AIDS-related knowledge scale [26] . HIV knowledge was scored for the number of correct responses (Yes or No), with Don't Know responses scored as incorrect (score 1 or 0). The possible range of scores 0 to 18 was expressed as the percentage correct, meaning that the higher the score, the more HIV knowledge a respondent had. The scores were dichotomized using a cutoff of greater than or less than and equal to 13/18 correct [27] . Cronbach's Alpha reliability for the scale was α = 0.74.
Intimate Partner Violence (IPV)
An adapted 18-item version of that Conflict Tactics Scale 18 (CTS-18) [28, 29] was used to assess psychological and physical aggression, as well as reasoning. Respondents were presented with 18 conflict situations such as "discussed the issue calmly," "cried," "did something to spite you," "threw something at you," "slapped you," etc. and were asked to rate the number of times she and her partner may had engaged in such conflict in the previous month on a seven point scale of 0 (never) to 6 (more than 20 times). A higher score is indicative of increased IPV. Cronbach's Alpha reliability for the scale was α = 0.84.
Aids-Related Stigma
The nine-item AIDS-Related Stigma Scale (ARSS) [30] was used to assess externalised stigma using items such as "People who have AIDS are dirty," "People who have AIDS should be ashamed," etc. This is a dichotomous scale using a score of 0 (disagree) to 1 (agree). Due to internal reliability of the original nine-item scale, question four, a reverse scored item, was removed to increase reliability. Scores on the scale range from 0 to 8, where higher scores indicate greater levels of stigma. Cronbach's Alpha reliability for the scale was α = 0.73.
Depression
The 10-item Edinburgh Postnatal Depression Scale 10 (EPDS-10) [31] asked participants to rate how often they had experienced different symptoms associated with depression in the previous seven days. Questions included "I have been able to laugh and see the funny side of things," "I have felt sad or miserable," etc. Scores ranged from 0 to 30, where the higher the score, the more the likelihood of depression being experienced. This paper utilised the validated cut-off score for South African populations at score 12 [32] . Cronbach's Alpha reliability for the scale was α = 0.66.
Adherence
Two self-report instruments were used to assess adherence, namely the Adult AIDS Clinical Trials Group (AACTG) [20] , and an adapted version of the ARV adherence Visual Analog Scale (VAS) [33] . The AACTG adherence measure is a four day recall instrument asking "How many doses did you miss: (1) yesterday, (2) day before yesterday, (3) three days ago, and (4) four days ago." Given that the current ARV regiment in South Africa is one combination pill per day, a dose would translate to one ARV pill per day. Participants were recorded as adherent if they had taken all (100%) of their ARV medication over the last four days. In order to understand non-adherence, the AACTG instrument provides 14 possible reasons a person may have for missing their medication and includes but is not limited to the following: were away from home, had too many pills to take, felt sick or ill, wanted to avoid side effects, and so on [20] . Responses were dichotomized to yes vs. no.
The second instrument utilised in this study was an adapted version of the VAS which included ARV usage over the previous seven days and asked participants if they had taken "None," "Half," or "All" of their medication in the previous seven days [33] . If participants reported that they had taken "All" of their medication in the previous seven days, they were recorded as "adherent" and coded as 1 in the statistical program. Participants were recorded as 0 if they too reported that they had taken "None" or "Half" of their medication on any day in the previous seven days.
Data Analysis
Software SPSS, version 24.0 (Statistical Product and Service Solutions, IBM, New York, NY, USA) was used for data analyses. Frequencies, means, and cross-tabulations were calculated to describe the sample. Reliability tests were done on the ARSS, EPDS, and IPV scales. A t-test was conducted on adherence measures and self-rated adherence measure. Bivariate analyses and multivariable logistic regressions were used to investigate associations between the outcomes ARV adherence and socioeconomic, HIV-related, and behavioural variables. Associations were considered significant at p < 0.05. All statistically significant variables in the bivariate analyses were included in the multivariable model. Multi-collinearity was tested. 
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Results
Sample Characteristics
A total of 673 HIV-positive pregnant women, with a mean age of 28 years old (SD = 5.73), were entered into this study. The majority (58%) were between the ages of 18 and 29 years old. In terms of sample characteristics, Table 1 shows the majority (81%) of respondents spoke an Nguni language, which includes Xhosa, Zulu, Swati and Ndebele, while only 29% had completed school. All participants in this study had a partner, as this was a study inclusion requirement, yet the majority (62%) of respondents did not live with their partners. Unemployment was high, as 78% of respondents reported that they were unemployed with 33% of respondents receiving less than R310 monthly income. Only 21% or 139 respondents stated that they do not have other children with just over half (53%) reported that this current pregnancy was unplanned. In terms of alcohol intake, 14% of our pregnant respondents reported drinking two or more alcoholic drinks on at least one occasion in the previous four weeks. Table 1 also shows ARV adherence on the two adherence measures across sociodemographic variables. Overall, 21% of respondents reported to be non-adherent over the four-day recall AACTG scale, while 31% reported to be non-adherent on the seven-day recall VAS. With all the sociodemographic variables, the VAS always reported 10% higher non-adherence of respondents when compared to the AACTG scale. In terms of those couples "not living together," 23% and 34% reported non-adherence with AACTG and VAS, respectively, and 19% and 27% of those "living together" reported non-adherence with AACTG and VAS, respectively. Twenty-five percent and 36% of respondents who receive a monthly income of less than R310 reported non-adherence with AACTG and VAS, respectively; 19% and 29% of those with a higher monthly income reported non-adherence with AACTG and VAS, respectively. Of those that stated that this was an unplanned pregnancy, 23% and 32% reported non-adherence with AACTG and VAS, respectively, while 20% and 30% of those who reported that this was a planned pregnancy reported non-adherence with AACTG and VAS, respectively. In this survey of HIV-positive pregnant women, 14% of respondents reported drinking two or more alcoholic drinks on at least one occasion in the previous four weeks. Of these, 39% on AACTG and 49% on VAS reported non-adherence. Table 2 shows that just over half (54%) of all respondents reported that they were diagnosed with HIV during this pregnancy, and three quarters had initiated ARV medication less than 12 months prior. A quarter of respondents stated that they had an HIV-positive partner, and 58% stated that their partner was involved in the pregnancy and are aware of what occurs during clinic visits (male involvement). In terms of disclosing their HIV status to anyone, 72% of respondents stated that they had disclosed their HIV status. Just over three-fifths demonstrated high knowledge of HIV and PMTCT issues. Of those respondents that have children (79%), a low percentage (4.2%) reported that they had an HIV-positive child. In terms of IPV, stigma, and depression, a high 20% of respondents reported experiencing IPV, 41% reporting stigma, and 49% reporting depression.
In terms of adherence, Table 2 shows that 23% and 33% of those respondents who had been on ARV medication for less than 12 months reported non-adherence with AACTG and VAS, respectively, while those 25% who had been on ARV medication for a year or longer reported 15% and 29% non-adherence with AACTG and VAS, respectively. Those who had disclosed their HIV status to anyone, 18% and 28% reported non-adherence with AACTG and VAS, respectively, while 29% and 40% of those who had not disclosed it reported non-adherence with AACTG and VAS, respectively. Twenty-seven percent and 39% of respondents that demonstrated no to low HIV knowledge reported non-adherence with AACTG and VAS, respectively, while 18% and 27% of those that demonstrated high HIV knowledge reported non-adherence with AACTG and VAS, respectively. In terms of IPV, of those respondents who stated that they experienced IPV, 28.8% and 37.9% reported non-adherence with AACTG and VAS, respectively, yet of those who reported not experiencing IPV, 19% and 30% reported non-adherence with AACTG and VAS, respectively. Of those who experienced internalised stigma, 25% and 36% reported non-adherence with AACTG and VAS, respectively, while 16% and 28% of respondents who reported no internalised stigma reported non-adherence with AACTG and VAS, respectively. In terms of respondents who reported higher depression scores, 27% and 37% reported non-adherence with AACTG and VAS, respectively, yet 16% and 26% of those with lower depression scores reported non-adherence with AACTG and VAS, respectively. In both the AACTG and VAS scales, the t-test with self-rated adherence found people that are adherent perceive their adherence to be better than people that are not adherent. When investigating the reasons for non-adherence, the logistic regression for the AACTG and VAS adherence indicator and the 14 possible reasons for missing medication [20] shows only 12% variance meaning that the reasons are not predictors of adherence but merely excuses for not taking ARVs. The reason "Desire to avoid side effects," which was answered Yes by 13.5% (N = 91) of respondents, showed significance (p =< 0.05) for both AACTG and VAS, pointing out that people may avoid their ARVs due to side effects.
In Table 3 , the bivariate logistic regression, the both the AACTG and the VAS adherence measure shows associations between age, alcohol usage of less than two alcoholic drinks on at least on one occasion in the previous four weeks, disclosure of HIV status to anyone, higher HIV knowledge, fear of side effects of the ARV medication, low levels of stigma, and depression. Additionally, the bivariate logistic regression with AACTG showed association with more than 12 months on ARVs as well as no IPV. All variables that were found to be statistically significant in the bivariate analysis were put into a multivariate model looking at associations for AACTG and VAS adherence (see Table 3 ). In the multivariate model, older age was associated with increased ARV adherence on both the AACTG and VAS measure, as well as drinking less than two alcoholic drinks on at least on one occasion in the previous four weeks. The multivariate model on both the AACTG and VAS measure goes on to show significant associations with disclosure of HIV status to anyone, higher HIV knowledge as well as no or low depression. Chances of non-adherence are shown with both the AACTG and VAS measure to increase due to a desire to avoid side effects of the ARV medication. Table 3 . Association of demographic, socioeconomic, health, and behaviour characteristics to ARV non-adherence. 
Discussion
The high non-adherence (21% AACTG non-adherence and 31% VAS non-adherence) to ARV medication by HIV-positive pregnant women is of serious concern. There were a few factors that were found to contribute to non-adherence. The intake of alcohol has been shown to decrease ARV adherence [7, 12, 14] ; in this study, for those respondents that consumed less than two alcoholic drinks on at least on one occasion in the previous four weeks, adherence to ARVs was more likely than those that consumed more than two alcoholic drinks on one occasion. Alcohol is widely accepted as a disinhibitor, and this study shows that drinking less alcohol increases adherence to ARVs among pregnant women. It would seem that, as the pregnant women consume alcohol, they either forget about their ARVs, cannot take it due to the lack of privacy of their drinking location, or cannot take it due to the alcohol/ARV interaction.
Non-adherence to ARVs was also more likely for those who wanted to avoid the side effects of the ARV medication. As mentioned earlier, early stages of pregnancy are characterized by morning sickness and late stages with heartburn [14] , and these conditions could be exacerbated by the side effects of ARVs, which include but are not limited to nausea, vomiting, and gastro-intestinal issues [14] . To ease discomfort, it is easy to assume that some pregnant women may not adhere to the ARV treatment regime.
Disclosure, or rather the lack of disclosure, of ones HIV-positive status to anyone was strongly associated with non-adherence of ARV medication. For those that do disclose, Futteman et al. (2010) and Nchenga et al. (2012) show that social support leads to decreased depression, which in turns leads to increased adherence to ARVs. Depression is a contributor to ARV adherence [7, 14] ; in rural Mpumalanga, we found that those who reported lower depression had better adherence to ARVs. The PMTCT protocol does make provisions for emotional well-being, where it is seen as protective to the mother and ultimately the unborn child [19] . It stands to reason that a pregnant woman with little or no depressive symptoms will be more likely to be adherent to her ARVs than a depressed pregnant woman. It must also be noted that the majority (75%) of the study respondents initiated Efavirenz-based ARV medication within the previous 12 months and that 54% were diagnosed HIV-positive during this pregnancy. These factors could contribute to depression. Interestingly, all of the above-mentioned contributing factors to ARV adherence could be related to the amount of HIV knowledge a respondent may or may not have. The study data clearly shows that non-adherence was related to no/low HIV knowledge. With knowledge, people are empowered to act to protect themselves and their unborn child [19] .
An important factor for increased adherence to ARV was that of older age. The results indicate that respondents who were of an older age were more likely to be adherent than younger respondents in our sample [12, 14] and seem to suggest increased adherence responsibility with age.
Conclusions
In order to achieve a PMTCT goal of first reducing and then eliminating HIV transmission from mother to child, thereby ensuring all babies born are HIV-negative and remain that year for their first year of their lives, adherence to ARV is a necessary step. It is of great concern to find a high percentage of the pregnant HIV-positive respondents in this study to be non-adherent to their ARV medication. Older respondents were found to be more likely to be adherent then younger respondents. Participants who reported increased alcohol intake, those who showed no to lower HIV knowledge, those who wanted to avoid the ARV side effects, those who did not disclosure their HIV status, and those who showed increased depression were more likely to be non-adherent.
Due to the findings, it is suggested that programs that encourage disclosure of one's HIV and pregnancy status are still needed and need to be strengthened. It is also advised that programs targeting prenatal alcohol intake as well as programs designed to help mothers with prenatal depression as well as HIV depression also need to be investigated and encouraged. It is also advised that more, closer monitoring is needed with regard to the ARV side effects to mitigate its effects and increase adherence. More ongoing education campaigns are definitely needed and will assist with disclosure, alcohol intake, depression, ARV side effects, and any other barriers to better adherence to ARV treatment. More research is needed on adherence to ARV among different populations in South Africa and the world, as there is currently limited research. Author Contributions: Shandir Ramlagan was involved in instrument development, data collecting, paper conceptualisation, data analysis, and paper writing. Karl Peltzer was involved in overall study conceptualisation, instrument development, paper conceptualisation, data analysis, and paper writing. Robert A. C. Ruiter was involved in paper conceptualisation, data analysis, and paper writing. Nicole A. Barylski was involved in writing the paper. Stephen M. Weiss was involved in overall study conceptualisation, instrument development, and paper writing. Sibusiso Sifunda was involved in instrument development, data collecting, paper conceptualisation, data analysis, and paper writing.
